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Refinement of sensory maps follows a highly reproducible tempo dictated largely by peripheral sensory
receptors and neural activity. In this issue of Developmental Cell, Toda et al. (2013) add a new twist by
showing that the timing of birth plays a decisive role in setting the clock for pattern emergence.It makes perfect sense that the time
spent in utero has different effects on
the brain as compared to development
after birth, when the newborn animal
needs to rapidly adapt to its new sensory
environment. However, testing the spe-
cific role of birth in neuronal development
is difficult. Procedures that cause prema-
ture delivery in mice, such as hormonal
changes or Caesarean extraction of
embryos, are likely to have nonspecific
and difficult-to-control effects such as
decreased body weight and modified
maternal behavior. Furthermore, the pre-
cise recording of birth dates and of neu-
ronal maturation events can be a hurdle.
This latter issue, however, can be over-
come by taking advantage of neuronal
pathways with stereotyped development.
The somatosensory pathway, which
originates in the whiskers and terminates
in cortical structures known as barrels,
and the eye-specific organization of
retinal inputs in the lateral geniculate
nucleus (the primary sensory relay of
visual inputs) are two such pathways
that have precise and well-described se-
quences of maturation. Previous studies
have indicated the presence of some
variability in the date of emergence of
barrel patterns in the rodent somato-
sensory cortex in relation to the nutritional
status and body weight of pups, but
generally these studies saw delayed
maturation due to malnutrition (Vongdok-
mai, 1980; Medina-Aguirre et al., 2008) or
lower body weight (Hoerder-Suabedissen
et al., 2008).
In this issue of Developmental Cell,
Toda et al. (2013) add a new twist on the
usual temporal sequence of sensory
map refinement by the peripheral sensory
receptors and neural activity (Erzurumlu
and Gaspar, 2012; Huberman et al.,2008) by showing that the timing of birth
plays a decisive role in setting the clock
for neural circuit connectivity and pattern
emergence. The authors examined the
effects of premature birth on barrel
patterning by inducing preterm delivery
in three different ways: administration of
mifepristone, a progesterone antagonist
that causes premature delivery; ovariec-
tomy, which also causes premature deliv-
ery; and Caesarian extraction. Although
each of these approaches can have its
own pitfalls, great care was taken to
introduce the appropriate controls for
each experimental paradigm. Strikingly,
all three experimental conditions led to
a one-day advance in the emergence
of barrel patterns in the somatosensory
cortex relative to the date of conception.
In other words, this study indicates that
barrel patterns emerge at a fixed date
after birth, regardless of whether the
animals were born prematurely. This is
quite remarkable because the timing
for patterning in the lower relay stations
such as the thalamus or brainstem
trigeminal relays is unchanged, being
set to the date of conception rather than
the date of birth. Indeed, the critical
period for lesion-induced plasticity, which
is known to depend on these lower
sensory relays (Erzurumlu and Gaspar
2012), is not changed by preterm delivery,
implying that plasticity is actually delayed
relative to the birth date. A similar
advance in the eye-specific segregation
of retinal inputs was noted in the lateral
geniculate nucleus.
Previous reports had made the case
that birth per se could cause changes in
the physiology of neurons. For example,
the physiological responses of neurons
to GABA switch from excitatory to
inhibitory at the time of delivery due toDevelopmental Cellthe perinatal surge of maternal oxytocin
(Tyzio et al., 2006). The study by Toda
et al. takes this one step further by
demonstrating that brain wiring can be
modified by the timing of birth with
a surprising advance, rather than a
delay, in the maturation of the neuronal
circuits.
How could birth initiate the program
that triggers barrel formation? One
possibility is that sensory whisker stimu-
lation could be at play. However, it
had previously been shown, and was
confirmed here, that sensory inputs are
not required for barrel patterning (Erzur-
umlu and Gaspar 2012). Other potential
candidates are changes in neurotrans-
mitters that are involved in barrel devel-
opment, such as glutamate or serotonin
(5-HT). Examining potential changes in
these transmitter systems, Toda et al.
made the interesting observation that a
drop in the extracellular levels of 5-HT
occurs at birth. Using a combination of
pharmacological methods to modulate
5-HT brain levels at birth, their experi-
ments suggest that this reduction could
be the initiating factor for barrel develop-
ment, via a downregulation of 5-HT1B
receptor stimulation on thalamocortical
and retinal axons. This interpretation fits
well with previous observations showing
that stimulation of the presynaptic
5-HT1B receptor exerts a brake on barrel
cortex and retinal map maturation, lead-
ing to interference with axon guidance
molecules and presynaptic neurotrans-
mission (reviewed in van Kleef et al.,
2012). This is also consistent with the
observation that in nutritionally restricted
rats, an increase in brain levels of 5-HT
and of 5-HT transporter expression was
correlated with a delay in the formation
of cortical barrels (Medina-Aguirre et al.,27, October 14, 2013 ª2013 Elsevier Inc. 3
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5-HT in barrel emergence is supported
by experiments in which Toda et al.
reduced 5-HT transmission with a phar-
macological compound, PCPA, acceler-
ating barrel emergence by one day.
Although these experiments may appear
difficult to reconcile with previous obser-
vations of normal or delayed maturation
of the barrel cortex after pharmacologic
or genetic depletion of serotonin (re-
viewed in van Kleef et al., 2012), one
possible explanation for this discrepancy
is that in the case of more drastic 5-HT
depletion, such as that seen in genetic
models, severe growth retardation leads
to delayed cortical maturation of the
upper cortical layers (Narboux-Neˆme
et al., 2013). This delayed cortical matu-
ration may then prevent the permissive
effects on barrel formation observed by
Toda et al. (2013) after milder and more
local 5-HT manipulation.
An important question raised by the
present observations is that of the mech-
anisms triggering the reduction of 5-HT
at birth. Transient serotonin transporter
expression in several nonserotonergic
brain structures is known to peak at birth,
in particular in the ventrobasal thalamus4 Developmental Cell 27, October 14, 2013 ª(reviewed in van Kleef et al., 2012), and
this could contribute to the reduction of
extracellular 5-HT brain levels. This clearly
poses the questions of whether other
changes in gene expression may be
controlled by the timing of birth and
whether these changes are triggered by
hormonal or environmental factors.
Another important question is how such
results could translate to other species,
in particular those with longer gestational
times, such as humans. Mammalian
species differ considerably in gestational
length. Previous comparative analyses
of somatosensory barrel development in
six species (hamster, mouse, rat, gerbil,
rabbit, and guinea pig) with increasingly
longer gestation periods have shown
that whereas barrels emerge a few days
after birth in hamsters, mice, and rats,
they appear perinatally in rabbits and
prenatally in guinea pigs (Rice et al.,
1985). It will therefore be of interest to
see whether delaying the time of delivery
in altricial species can modify pattern
emergence, and if so, in which direction.
Finally, it will be of interest to determine
whether this premature map emergence
has any consequences on functionality
in adult life.2013 Elsevier Inc.REFERENCES
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